Background Standard mitral valve replacement (MVR) in patients with chronic mitral regurgitation results in consistent reductions in resting postoperative ejection fraction. This has been attributed to removal of the low-impedance ejection pathway into the left atrium or to disruption of the chordal apparatus. Mitral valve repair (MVP) does not reduce ejection
). This was also true when volumes were indexed to body surface area. 
Exercise Echocardiography
Resting two-dimensional echocardiographic examinations were performed with the patient supine in the left lateral decubitus position and again while sitting stationary on an upright bicycle with a phased-array ultrasonoscopic device (Acuson XP-5) using a 2.5-MHz transducer. Images were obtained in sequential fashion from the parasternal long-axis, parasternal short-axis, apical four-chamber, and apical twochamber views. To minimize foreshortening of the left ventricular cavity, the transducer was held slightly lateral to the apical impulse to maximize the tomographic plane of the left ventricle. The transducer then was angulated anteriorly and posteriorly in small degrees to record the greatest long-axis length. 
Statistical Analysis
All data are presented as mean±SD values. In the initial data analysis, associations between the various two-dimensional echocardiographic variables at rest and during exercise were examined using the Pearson product-moment correlation coefficient (Table 3 ). In addition, differences between the 10 patients with MVP (group 1) and the 10 with MVR (group 2) were assessed using a two-tailed paired Student's t test. Differences were considered significant if the null hypothesis could be rejected at P<.05.
Results

Baseline Clinical Data
Patients were well matched for all clinical variables. Table 1 demonstrates that there were no significant differences in the baseline demographics, functional class, heart rate, and blood pressure in patients with MVP as opposed to MVR at the time of testing. Table   2 demonstrates that preoperative left ventricular volumes and ejection fraction were comparable between the two groups, both in absolute measurements and when indexed to body surface area.
Clinical Response to Exercise
The MVP patients exercised for 11.5+±6.9 minutes, stopping because of fatigue (n=8), dyspnea (n=1), or both (n=1). No patient developed chest pain or ECG evidence of ischemia. MVR patients exercised for 11.0±4.1 minutes (P=NS), also stopping because of fatigue (n=7), dyspnea (n=2), or both (n= 1). Again, no patient developed chest pain or ECG evidence of ischemia. The difference in exercise duration between the two groups was not significant.
Quantitative Two-Dimensional Echocardiographic Data
The MVP group had a substantially higher stroke volume and ejection fraction (Fig 1) both at rest and during exercise in conjunction with lower end-systolic wall stress (Fig 2) . The MVP group tended to have a more ellipsoidal chamber geometry at rest; this difference was even larger and statistically significant during exercise (Table 4) . Furthermore, the mean change in chamber geometry from rest to exercise was qualitatively and quantitatively different in the two groups, with MVP patients becoming more ellipsoidal and MVR patients becoming more spherical (P<.001, Fig 3) .
Doppler Echocardiographic Data
The mean transmitral diastolic gradient was significantly higher at rest in patients with prosthetic mitral valves DBP indicates diastolic blood pressure (mm Hg); EDV, left ventricular end-diastolic volume (mL); EF, left ventricular ejection fraction (%); El,, eccentricity index at end systole; ESV, left ventricular end-systolic volume (mL); NS, not significant; SBP, systolic blood pressure (mm Hg); a., end-systolic wall stress (kdynes/cm2); and SV, stroke volume (mL).
the MVP group had significantly greater left ventricular stroke volume and ejection fraction and lower endsystolic wall stress than the MVR group. At peak exercise, the differences in ejection fraction and wall stress became more marked, a finding that is not surprising given the high degree of correlation between rest and peak values (Table 3 Preservation of a more elliptical shape may lead to improved ventricular filling. In a dog model, the generation of restoring forces that assist left ventricular filling has been shown to be closely related to eccentricity.21 At end-systolic volumes below the equilibrium volume, as occur during exercise, the ventricle develops a progressively more ellipsoidal shape as it generates more restoring forces. In animal models and human hearts, left ventricular systolic torsional motion has been postulated to represent a mechanism for storage of potential energy for restoring forces.22,23 Three-dimensional deformation of this sort is intimately related to the shape of the ventricle. Thus, an abnormality in endsystolic shape may reflect a reduced ability to generate restoring forces. Furthermore, the generation of restoring forces appears to decrease energy losses across the mitral valve. 21 The present study is unique in that it examines ejection performance and wall stress both at rest and during dynamic exercise. Our results demonstrate that compared with MVR with chordal transection, MVP results in significant reductions in afterload both at rest and during exercise despite comparable heart rateblood pressure responses. End-systolic shape tends to be more spherical at rest in patients with MVR, although this difference was not statistically significant. At peak exercise, MVR patients had significantly more spherical ventricles at end systole and a greater change in sphericity from rest to exercise. These data confirm the prior resting study of MVR with and without chordal preservation8 and indicate that the functional advantages at rest are maintained and even potentiated during exercise. Thus, chordal preservation leads to improved left ventricular ejection fraction and stroke volume, as a result, at least in part, of reduced endsystolic wall stress, and maintenance of a more elliptical chamber geometry, which may assist left ventricular filling.
Study Limitations
Because of the relatively small sample size, it is possible that this study lacked sufficient power to detect other differences between the two patient cohorts. However, the results clearly reveal highly significant differences in rest and peak exercise end-systolic circumferential wall stress, stroke volume, and ejection fraction as well as left ventricular shape at peak exercise.
Because the effect of MVP on dynamic left ventricular performance has not previously been investigated, we elected to evaluate a number of variables. Because of these multiple comparisons, it is likely that the possibility of type I error was increased. Conventional methods of adjusting for multiple comparisons are overly conservative when the number of comparisons is more than 8 to 10.24 Although a more limited number of primary end points would have increased the significance level, the ability to comment on other associations would be sacrificed. Thus, although we cannot exclude inflation of type I error, we believe that the present analysis offers the broadest possible interpretation of the available data.
Finally, despite important differences in left ventricular ejection fraction, stroke volume, wall stress, and shape at peak exercise, the two groups exercised for comparable periods of time. Thus, the left ventricular performance differences did not have an important functional consequence in our study group. Despite controlling for preoperative ejection fraction and severity and chronicity of mitral regurgitation, there obviously are a host of other factors that influence exercise capacity but were not quantified in our study. As before, a larger sample size might have increased the power of the study sufficiently to detect differences in this partic- 
